Recently, several reactor oscillation experiments have successively measured a nonzero value for the neutrino mixing angle θ 13 , which is greater than 5 standard deviations. Within framework of the µ from ν Supersymmetric Standard Model (µνSSM), three tiny neutrino masses are generated at the tree level through TeV scale seesaw mechanism. In this work, we analyze the neutrino masses and mixing in the µνSSM with a "top down" method, assuming neutrino mass spectrum with normal ordering (NO) or inverted ordering (IO).
I. INTRODUCTION
Recently the neutrino experiments develop quickly, which give the strong evidences for the massive neutrinos and their mixing. Three flavor neutrinos ν e,µ,τ are mixed into three massive neutrinos ν 1,2,3 during their flight, and the mixing is described by the PontecorvoMaki-Nakagawa-Sakata unitary matrix U P M NS [1, 2] . Through the several recent reactor oscillation experiments [3] [4] [5] [6] [7] , the neutrino mixing angle θ 13 is now precisely known. The global fit of θ 13 gives [8] sin 2 θ 13 = 0.023 ± 0.0023.
The other experimental observations of the 3-neutrino oscillation parameters show that [9] ∆m 2 ⊙ = 7.58 
Solving the µ problem [10] of the Minimal Supersymmetric Standard Model (MSSM) [11] [12] [13] [14] [15] , the "µ from ν Supersymmetric Standard Model" (µνSSM) [16] [17] [18] [19] [20] [21] [22] [23] , can generate three tiny neutrino masses at the tree level through TeV scale seesaw mechanism [17, [24] [25] [26] [27] [28] [29] . In this paper, we will analyse the three neutrino masses and mixing in the µνSSM with a "top down" method [30] , where the neutrino masses and the mixing angles are predicted from a given effective neutrino mass matrix. With the "top down" method, we can account for the experimental data on neutrino oscillations in the µνSSM, assuming neutrino mass spectrum with normal ordering (NO) or inverted ordering (IO).
This paper is organized as follows. In next section we outline the model by introducing its superpotential and neutrino sector. Through the "top down" method, the exact formulas of the neutrino masses and mixing angles for two possibilities on the neutrino mass spectrum (NO and IO) are given in section III. In section IV we give the numerical analysis, and we summarise in section V.
II. THE MODEL AND THE NEUTRINO SECTOR
Besides the superfields of the MSSM, the µνSSM introduces three singlet right-handed neutrino superfieldsν
In addition, the last two terms in the superpotential explicitly violate lepton number and R-parity. In supersymmetric (SUSY) extensions of the Standard Model (SM), the R-parity of a particle is defined as R = (−1) L+3B+2S [11] and can be violated if either the baryon number (B) or lepton number (L) is not conserved, where S denotes the spin of concerned component field. Note that R = +1 for particles and −1 for superparticles.
The phenomenology of the model where R-parity is broken differs substantially from that of a model where R-parity is conserved. R-parity breaking implies that the Lightest Supersymmetric Particle (LSP) is no longer stable. In this context, the neutralino or the sneutrino are no longer candidates for the dark matter. However, other SUSY particles such as the gravitino or the axino can still be used as candidates. [17] Once EWSB, the neutral scalars develop in general the following VEVs:
Then, the mass squared of charged gauge boson is given as
and one can define
Here e is the electromagnetic coupling constant, s W = sin θ W with the Weinberg angle θ W , respectively.
Recently, the ATLAS [31] and CMS [32] have reported significant events which are in- In the µνSSM, neutrinos are mixed with the neutralinos [16, 17] . In the weak interaction
one can obtain the neutral fermion mass terms in the Lagrangian:
with
Here, the submatrix m is neutralino-neutrino mixing
And the submatrix M is neutralino mass matrix including right-handed neutrinos
where
Via the seesaw mechanism, the effective light neutrino mass matrix is in general given as [17, 24] 
Diagonalized the effective neutrino mass matrix m ef f , we can obtain three light neutrino masses.
III. NEUTRINO MASSES AND MIXING
With the "top down" method [30] , we give the exact formulas for the neutrino masses and mixing angles from the given effective neutrino mass matrix m ef f in this section. For the given effective neutrino mass matrix m ef f , we diagonalize the hermitian matrix
The eigenvalues of the 3 × 3 effective neutrino mass squared matrix H are given as
To formulate the expressions in a concise form, one can define the notations
with a = Tr(H),
To account for the experimental data on neutrino oscillations, we check that m . In the case of 3-neutrino mixing, we have two possibilities on the neutrino mass spectrum [9] • (i) spectrum with normal ordering (NO):
• (ii) spectrum with inverted ordering (IO):
The normalized eigenvectors for the mass squared matrix H are given as
Then, the effective light neutrino mass matrix m ef f can approximate as [24] 
Through the discussion of the parameter space in Refs. [21] [22] [23] , we choose the relevant parameters as default in our numerical calculation:
In order to fit the experimental data on neutrino mass squared differences and mixing angles in Eq.(1) and Eq.(2) with two possibilities of the neutrino mass spectrum, we choose the VEVs of left-handed neutrino superfields and the Yukawa couplings of right-handed neutrinos respectively as
• (i) For the NO spectrum:
and issue the theoretical predictions on light neutrino masses and mixing angles as 
• (ii) For the IO spectrum: Assuming neutrino mass spectrum with NO, we plot the neutrino mass squared differences varying with tan β in Fig.1(a) , where the solid line denotes ∆m line denotes ∆m 2 ⊙ versus tan β. Along with increasing of tan β, the theoretical prediction on ∆m 2 A increases gently, and the theoretical prediction on ∆m 2 ⊙ increases steeply. Under the same choice on the parameter space, we also draw the neutrino mixing angles varying with tan β in Fig.1(b) , where the solid line denotes sin 2 θ 23 versus tan β, the dashed line denotes sin 2 θ 12 versus tan β, and the dotted line denotes sin 2 θ 13 versus tan β, respectively. It shows that the mixing angle θ 12 depends on tan β acutely as tan β ≤ 1.5, and other mixing angles θ 23 and θ 13 vary with tan β mildly.
When the neutrino mass spectrum is IO, we also depict the neutrino mass squared differences and mixing angles varying with tan β in Fig.2 , where (a) ∆m ⊙ all increase, when tan β ≥ 1.4. In Fig.2(b) , one can find that the mixing angles θ 12 and θ 13 depend on tan β acutely as tan β ≤ 1.6, and other mixing angle θ 23 vary with tan β gently.
V. SUMMARY
Through TeV scale seesaw mechanism, the µνSSM generates the effective neutrino mass matrix m ef f . From the given matrix m ef f , we give the exact formulas for the neutrino masses and mixing angles with the "top down" method. Under some assumption of the parameter space, the theoretical predictions on the neutrino mass squared differences and mixing angles can account for the experimental data on neutrino oscillations in Eq.(1) and Eq.(2), assuming neutrino mass spectrum with normal ordering (NO) or inverted ordering (IO).
